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Cell  division  and  cell  cycle 
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Duration:  1.5  Hrs. 
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Happy  with  my  class,  give  a  missed  call  at  080-395 1-03 19,  If  you  are  unhappy  give  missed  call _ 
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Molecular  Cell  Biology  by  Baltimore  and  Lodish 
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Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  a  re  unhappy  give  missed  call 


Cell  Cycle 
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■  To  produce  a  pair  of  genelicalh'  identical  cells,  DNA  must  be 
perfectK  replicated  and  the  resulting  cluomosomes  must  be 
segregated  into  two  separate  cells. 

■Most  cells  must  also  double  their  mass  and  duplicate  their 
cytoplasmic  organelles.  To  accomplish  these  goals,  a  cell  imist  go 
ihroimh  the  Cell  C\*cle. 

^  w 

■  A  eukaiAotic  cell  cannot  di\ide  into  two,  the  two  into  four.  etc. 

* 

unless  two  processes  alternate;  cloublinv  of  its  genome  (I)N A)  in  S 
phase  (synthesis  phase)  of  the  cell  cycle:  halviii"  of  that  genome 
during  mitosis  (M  phase). 

■  The  period  between  M  and  S  is  called  fij*.  that  between  S  and  M 
is  G2 

■  W  hen  a  cell  is  in  any  phase  of  the  cell  cycle  other  than  mitosis,  it 
is  oUen  said  to  be  in  interphase. 

biotecni^a 
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Cell  Cycle 
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■Cells,  such  as  iiene  cells,  muscle  cells,  or  red 
blood  cells,  that  are  highly  specialized  and  lack 


the  ability  to  di\  ide 


■Cells  that  normally  do  not  di\ide  but  can  be 
induced  to  begin  DNA  s\iithesis  and  di\‘ide  when 
gi\‘en  an  appropriate  stimulus-  Iher  cells, 
hinphocytes 

■Cells  that  normally  possess  a  relati\'ely  high 
le\'el  of  mitotic  acti\it\’-  hematopoietic  stem  cells 
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Phases  of  typical  eukaryotic  cell  cycle 
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GO:  Resting  Phase 

G1:  Growth  &  Metabolism 

S:  DNA  Replication 

G2:  Growth  of  Structural  Elements 

M:  Mitosis 


Early  frog  embiyo  cells  30rninutes 

Yeast  cells  1.5  hours 

Mm\m  iBtes^oal  epithelial  cells  '•12  hours 

Mammalian  hbroblasts  In  culture  ^20  hours 
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Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missed  call 
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Hours  after  ^f-thymKftne  acMtion 
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M  phase  and  cytokinesis 
HeLa  cells  ux'ie  cultured  Tea*  30 
minutes  in  medium  coiitainine 
[  ’ll  )tiiymidiiie  and  then  incubated 
for  various  times  in  imlabclcd 
medium  before  being  fixed 
and  prepared  for  autoradiograpliy. 
Each  culture  dish  was  scaiuicd  for 
cells  tliat  were  in  mitosis  at  the  time 
they  were  fixed,  and  the  |)ercentage 
of  those  mitotic  cells  whose 
cliromosomes  were  labeled 
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Experimental  results  demonstrating  that 
replication  occurs  during  a  defined  period  of  the 
cell  c\cle. 


Hours  after  ^H-ttrymnkne  addition 


M  phase  and  cytokinesis 
HcLa  cells  wx^iv  cultured  for  30 
minutes  in  medium  coiitainine 
[  ftliymidiue  and  then  incubated 

for  various  limes  in  imlabcicd 
medium  before  being  fixed 
and  prepared  for  autoradiograjiiy. 
Each  culture  dish  was  scanned  for 
cells  tliat  were  in  mitosis  at  the  time 
they  were  fixed,  and  the  jiercentage 
of  those  mitotic  cells  whose 
chromosomes  were  labeled 
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INTERPHASE 
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plasma 
mpmbrana 


centrosom« 


nudear 

envelope 


decofldensed 
chromosomes 
in  nucleus 


During  interphase,  the  cell  Increases  In  size.  The  ONA 
of  the  chromosomes  Is  replicated,  and  the 
centrosome  Is  duplicated. 
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Cil  is  tlic  period  of  time  l>et\veen  last  mitotic  di\  ision  and 
he^innintz  ofsMithesis  ofncwDNA 


Diirinsi  Cil,  cell  sun'e\‘s  the  einironment  and  make  the 

m 

decision  to  enter  the  cell  cvcle 

m 


l^rotcins  that  promote  cell  di\isioii  will  l>c  acli\'ated  and 
force  the  cell  towards  the  cell  cycle 
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S  phase 


■The  S  phase,  short  for  synthesis  phase,  is  a  period  in  the  cell  cycle  during 
interphase,  between  Gj  phase  and  the  G7  phase. 

■Following  Gi,  the  cell  enters  the  S  stage,  when  DNA  synthesis  or  replication 
occurs. 

■At  the  beginning  of  the  S  stage,  each  chromosome  is  composed  of  one  coiled 
DNA  double  helix  molecule,  which  is  called  a  chromatid. 

■  The  enzyme  DNA  helicase  splits  the  DNA  double  helix  down  the  hydrogen 
bonds  (the  middle  bonds).  DNA  polymerase  follows,  attaching  a  complementary 
base  pair  to  the  DNA  strand,  making  two  new  semi-conservative  strands. 

■  At  the  end  of  this  stage,  each  chromosome  has  two  identical  DNA  double  helix 
molecules,  and  therefore  is  composed  of  two  sister  chromatids  (joined  at  the 
centromere). 

■  During  S  phase,  the  centrosome  is  also  duplicated.  These  two  events  are 
unconnected,  but  require  many  of  the  same  factors  to  progress.  The  end  result  is 
the  existence  of  duplicated  genetic  material  m  the  cell,  which  will  eventually  be 


divided  into  two . 


Happy  with  my  class,  give  a  missed  call  at  080-395 1-03 19,  If  you  are  unhappy  give  missed  call 
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G2  phase 


■The  second  growth  phase  of  the  cell  cycle,  consisting  of  the 
portion  of  interphase  after  DNA  syntliesis  occurs 

■A  phase  within  interphase  of  the  cell  division  cycle  that 
prepares  cells  for  mitosis 

■Since  the  formation  of  new'  DNA  is  an  energy  draining  process, 
the  cell  undergoes  a  second  growth  and  energ>'  acquisition  stage, 
the  G2  phase.  The  energy  acquired  during  G2  is  used  in  cell 
division 


Happy  with  my  class,  give  a  nrijssed  call  at  080-395 1-03 19,  If  you  are  unhappy  give  missed  call 
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Mitosis  or  M  Phase 


■Cell  growth  and  protein  production  stop  at  this 
stage  in  the  cell  cycle. 

■All  of  the  celfs  energy  is  focused  on  the  complex 
and  orderly  dmsion  into  two  similar  daughter  cells. 

■Mitosis  is  much  shorter  than  interphase,  lasting 
perhaps  only  one  to  two  hours. 


Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missed  call 
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Prophase 
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■During  this  fu  st  mitotic  stage, 

■  The  nucleolus  fades  and  cluomatin  (replicated  DNA  and  associated 
proteins)  condenses  into  cluomosomes. 

■Each  replicated  chromosome  comprises  hvo  cluomatids,  both  ^^ith 
the  same  genetic  infoniiation. 

■Microtubules  of  the  cMoskeleton,  responsible  lor  cell  shape, 
motilit\‘  and  attacliment  to  other  cells  during  interphase,  disassembie. 
■The  building  blocks  of  these  microtubules  are  used  to  srow  the 
mitotic  spindle  from  the  region  of  the  centrosomes. 


pri  PROPHASE 


At  the 

duplicated  ctiromoiomei, 
tKh  corwijtifig  of  two 
ckxMly  ai»ocut«d  skster 
ctirorrutidf,  condense. 
Outsid#  th#  nucleus,  the 
mitotic  spindle  assembles 
between  tht  two 
centrosomes,  whkh  have 
begun  to  move  apart:  Foe 
simplicity,  only  three 
chromosomes  are  drawn 


Happy  with  my  class,  give  a  missed  call  at  080-39S1-0319,  If  you  are  unhapp',  ^ 
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Condensin 


Laige  protein  complexes  that  play  a  central  role  in  chromosome  assembly 
and  segregation  during  mitosis  and  meiosis. 

Condensins  I  and  II  share  the  same  pair  of  core  subunits,  SMC2  and  SMC4- 

Purified  condensin  I  introduces  positive  superhelical  tension  into  double- 
stranded  DNA  in  an  ATP-hydrolysis-dependent  manner. 

Condensin  II  is  present  within  the  cell  nucleus  during  interphase  and  is 
involved  in  an  early  stage  of  chromosome  condensation  within 
the  prophase  nucleus. 

On  the  other  hand,  condensin  I  is  present  in  the  cytoplasm  during 
inteiphase,  and  gains  access  to  chromosomes  only  after  the  nuclear 
envelope  breaks  down  at  the  end  of  prophase. 

During  prometaphase  and  metaphase,  both  condensin  I  and  condensin  II 
contribute  to  the  assembly  of  condensed  chromosomes 

Condensin  is  activated  at  the  onset  of  mitosis  by  phosphorylation  of  several 
of  its  subunits  by  the  cyclin—  Cdk  responsible  for  driving  cells  from  G2  into 


mitosis 
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Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missed  call 


Model  for  tlie  roles  of  condensiii  and  cohesin  bi-'becnify 
in  the  formation  of  mitotic  chromosomes 


biterphase 


Proph»e 


A"-- 
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Col)e$n 


condcnsiii  brings  about  chromosome 
compaction  by  forming  a  ring  around 
stipcFcoilcd  loops  of  DNA  nitliin 
clironiatin. 

It  is  proposed  that  cooperati%’e 
inleraclioiis  between  condensiii 
molecules  would  then  oiganizc  the 
supercoilcd  loops  into  larger  coils,  which 
arc  then  folded  into  a  mitotic 
cliroinosome  fiber 

Both  complexes  arc  built  around  a  jxiir  o 
SMC  subunits. 

Each  of  the  SMC  polypeptides  folds 
back  on  itself  to  fonn  a  higlily  elongated 
aniipaiallcl,  coiled  coil  with  an  ATP- 
binding  globular  domain 

Cohesin  and  condensin  also  have  two  or 
three  non-SMC  subtmits  that  complete 
the  ring-like  structure  of  these  proteins. 
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Cohesin 
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Protein  complex  thril  reguUiles  the  sepanilion  of  sister 
ciu'oinalids  during  cell  dh  ision.  either  mitosis  or  meiosis. 

Coliesins  hold  sister  chromatids  touelher  a  Her  DNA 
replication  until  anaphase  when  removal  of  cohesin  leads 
to  separation  ol  sister  clirunatids. 

Most  of  the  cohesin  dissiuriates  th>m  the  anus  of  the 
cluomosomes  as  they  Income  compacted  cluring  prophase. 

Dissociation  is  induced  by  phosphoiy  lation  of  cohesin 
subunits  by  two  im|K>rtant  mitotic  enzymes  called  F\>lo- 
like  kinase  and  Aurora  H  kinase 

Cohesin  is  thought  to  remain  at  the  centromeres  localise 
of  the  presence  there  of  a  phosphatase  that  removes  an>' 
phosphate  groups  atkied  to  the  protein  In'  the  kinases 


Mji+iljv  — r  .  pjvi:  A  .il  CfSO  -<l  M  .“ir  uil'KjpfTf  ^r-~  fUtwr^  i  eil 
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Kinetochore 


■  A  complex  protein  structure  called  the  kinetochore  assembles  at 
centromeres  of  each  sister  chromatid,  attachment  site  for  microtubules  of 
mitotic  spindle 

■  Interface  between  visible  constriction  in  chromosome  and  microtubules  of 
spindle 

■  One  microtubule  attaches  to  each  centromere-  yeast-  point  centromere 

■  Attach  more  microtubule  to  centromere-  higher  eukaryotes-  regional 
centromere 

■  One  kinetochore  per  chromatid 

(1)  the  site  of  attachment  of  the  chromosome  to  the  dynamic  microtubules  of 
the  mitotic  spindle 

(2)  the  residence  of  several  motor  proteins  involved  in  chromosome  motility 

(3)  a  key  component  in  the  signaling  pathway  of  an  important  mitotic 

Checkpoint 

■  motor  proteins-  CENP-E^  which  is  a  member  of  the  kinesin  superfamily 
and  a  rod-shaped  protein  called  Ndc80-  bind  the  surface  of  the  adjacent 
microtubule. 


Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missed  call 
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Kinetochore 


Ndc80  is  a  protein  complex  consisting  of  foil rjjjll ere nt  protein 
subunits  that  forms  a  50  nui-loiig,  rod-sliaped  molecule 
extending  outwai  d  from  tlie  body  of  the  kinetocluM  e. 


These  Ndc80  fibrils  have  been  implicated  as  couplers  of  the 
kinetoclu>ie  to  the  plus  end  of  a  dy  namic  microtubule. 


Kinetochore 


bt‘>becni^a 


Knfttoi 


kveUi  /  I  FbMtdHM 

Mnm  OiarptMT 


flWtidtfKniMiiMit 

itettMidiMttlM 

I  Lai^Ctof  &Wl 


•Among  tlie  iwtor  proteins  associated  with  tlie  kineiochoro,  cytoptasmic  dynein  mos'es 
toward  the  minus  end  of  a  microtiilmie,  whereas  CENP-E  moves  toward  the  plus  end. 

"  These  motors  may  also  play  a  role  in  tethering  the  niicrombule  to  the  kinetochore. 

•Ilie  protein  labeled  "depoivtitemse”  is  a  member  of  tite  kinesin  snperfamily  tliat  hmctions  in 
de{K)lymert2atjon  of  microtubules  ratlier  titan  motility.  In  this  drawing,  tlie  defmlymerases  are 
in  an  inactive  slate  (the  microtubule  is  not  depolyiiierizing). 
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Prometaphase 
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■The  nuclear  envelope  breaks  down  so 
there  is  no  longer  a  recognizable 
nucleus. 

■Some  mitotic  spindle  fibers  elongate 
from  the  centrosomes  and  attach  to 
kinetochores,  protein  bundles  at  the 
centromere  region  on  tlie  clnomosomes 
where  sister  clnomatids  are  joined. 
■Other  spindle  fibers  elongate  but 
instead  of  attaching  to  clii*omosonies, 
overlap  each  other  at  the  cell  center. 


cltromasorrw 


cantrom^e  region 
of  chrOmcHome 


0  PROMETAPHASE 
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(B) 


chromatid 


Pfometa|3^ia»  starts 
abruptly  with  the 
bieakd^vn  of  the  nuclear 
emefope.  Oirdmosomes 
can  Fbow  attach  to  ^Ifvdle 
microtubules  via  their 
klnetochofes  arvd  undergo 
active  movenwni 


Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missed  call 


Metaphase 


■  Tension  ajiplied  by  tUe  spindle  fibers  aligns  all  cluoinosonies  in 
one  plane  (ei|iiitoi  ial  plate)  at  the  center  of  the  cell. 

■  Kjiown  as  congression 


[3  METAPHASE  m«taaha»,  the 

chfomosomes  are  aligned 
at  the  equator  of  the 
spirMjle,  midway  between 
the  tpindle  pdk  The 
bnetochore  microtubules 
on  each  shter  chromatid 
attach  to  opposite  poles  of 
the  spindle. 

9«ndk 
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Metapliase-  Microtubule  behavior  during 
formation  of  the  metaphase  plate 


SkM 


RjOtd  addtion 
dtubiAr 
sUbints 


Rapid  loss 
^  of  tubi^ 
sUUnts 


tlie  chrotttosoiiie  is 
comiected  to  microtubules  from 
opposite  poles  tliat  may  be  \’ery 
difTerent  tn  length. 

•As  prometapliase  continues,  this 
imbalance  is  conected  as  the  result  of 
the  shortenine  of  microtubules  from 
one  jxde,  due  to  tlie  rapid  loss  of 
tubulin  subunits  at  Uk  kiiietochore.  and 
the  leiifitliening  of  microtubules  irom 
the  o})posilc  pole,  due  to  lljc  rapid 
addition  of  tubulin  subunits  at  llte 
kiiietochore. 

■These  clianges  are  superimposed  over 
a  much  slower  polymerization  and 
dei>olymterizattoii  tliai  occur 
contimially  during  [irometaphase  atid 
metaphase,  causing  tlie  subunits  of  tlie 
microtubule  to 


ill  a  process  ki 
flux.  1 
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Astral  spndemcrotubdes 


Astral  spndiemcrotuIxJas 


P^centnoiar  material  Ctromosornalikmetodurelspnlteft^^  Polar  spndienKrotijbiies  Pencentriolarmaipful 
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Happy  With  my  clais,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missed  call _ 
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1.  Astral  microtubules  that  radiate  outward  firom  the  centrosome  into  the 
region  outside  the  body  of  the  spindle.  They  help  position  the  spindle 
apparatus  in  the  cell  and  may  help  determine  the  plane  of  cytokinesis. 

2.  Chromosomal  (or  kinetochore)  microtubules  that  extend  between  the 
centrosome  and  the  kinetochores  of  the  chromosomes.  In  mammalian  cells, 
each  kinetochore  is  attached  to  a  bundle  of  20-30  microtubules,  which  forms 
a  spindle  fiber.  During  metaphase,  the  chromosomal  microtubules  exert  a 
pulling  force  on  the  kinetochores  so  are  maintained  in  the  equatorial  plane 
by  a  “tug-of-war”  between  balanced  pulling  forces  exerted  by  chromosomal 
spindle  fibers  from  opposite  poles. 

During  anaphase,  chromosomal  microtubules  are  required  for  the  movement 
of  the  chromosomes  toward  the  poles. 

3.  Polar  (or  interpolar)  microtubules  that  extend  from  the  centrosome  past 
the  chromosomes.  Polar  microtubules  from  one  centrosome  overlap  with 
their  counterparts  from  the  opposite  centrosome.  The  polar  microtubules 
form  a  structural  basket  that  maintains  the  mechanical  integrity  of  the 

Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missecl  call 
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■Spindle  fibers  shorten*  the  kinetochores 
separate,  and  the  chromatids  {daughter 
clii'omosoines)  are  pulled  apart  and  begin 
moving  to  the  cell  poles. 

■  Cohesin  broken  down 
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ANAPHASE 


short^ing 

mkrotubulfl 


spindl«  pol9 
moving  ouNvard 


At  anaptias«^  the  sister 
chromatids  synchronously 
separate  and  are  pulled 
slowly  toward  the  spindle 
pole  to  which  they  are 
attached.  The  kinetochore 
mkrotubules  get  shorter, 
and  the  spindle  poles 
also  move  apart,  both 
contrtbutJng  to  chromosome 
segregation. 
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Happy  with  my  class,  give  a  missed  call  at  080-39S1-03 19,  If  you  are  unliappy  give  missed  call 
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SCF  and  APC  activities  during 

the  cell  cycle 
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SCF  and  APC  activities  during 

the  cell  cycle 

SCF  aiid  APC  are  raultisubuiiit  complexes  that  iibiquitinate  substrates,  leading  to  their 
destruction  by  proteasomes. 

(a)  SCF  is  active  primarily  during  interphase,  whereas  APC  (anaphase  promoting 
complex)  is  active  during  mitosis  and  Gl.  Two  different  versions  of  APC  are  indicated. 
These  two  APCs  differ  in  containing  either  a  Cdc20  or  a  Cdhl  adaptor  protein,  which 
alters  the  substrates  recognized  by  the  APC.  APCCdc20  is  active  earlier  in  mitosis  than  is 
APCCdlil.  The  label  SAC  stands  for  spindle  assembly  checkpoint.  The  SAC  prevents 
APCCdc20  from  triggering  anaphase  until  all  the  chromosomes  are  properly  aligned  at  the 
metaphase  plate. 

(b)  APCCdc20  is  responsible  for  destroying  proteins,  such  as  securin,  that  inhibit 
anaphase.  Destruction  of  these  substrates  promotes  the  metaphase-anaphase  transition. 
APCCdhl  is  responsible  for  ubiqiiitinating  proteins,  such  as  mitotic  cyclins,  that  iniiibit 
exit  from  mitosis.  Destruction  of  these  substrates  promotes  the  mitosis--Gl  transition. 
APCCdhl  activity  during  early  Gl  helps  maintain  die  low  cyclin-Cdk  activity  required  to 
assemble  prereplication  complexes  at  the  origins  of  replication 

Destruction  of  the  cyclin  by  APC  Cdii  1  leads  to  a  precipitous  drop  in  activity  of  the 
mitotic  Cdk  (cyclin  BA^dkl)  and  progression  of  the  cell  out  of  mitosii 
phase  of  the  next  cell  cycle 
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Telophase 

■  riie  dauglUer  chronrosoines  an  i\e  a(  llie  poles  aiul  (he  spindle 
libers  that  have  pulled  lliem  apart  disap|>ear. 

■  Nucleoli  leappear 

■  New  nuclear  envelope 


During  teloptiM,  the  two 
sett  of  diromosomes  arrive 
at  the  poles  of  the  spindle. 
A  r»cw  nuclear  envelope 
reassembles  around  each 
set.  completirsg  the 
formation  of  two  nuclei 
arsd  marklisg  the  end  of 
mitosis.  The  division  of  the 
cytoplasm  begins  with  the 
assembly  of  the  contractile 
ring. 
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GO  Phase 
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■  a  cell  is  too  small 

■  the  cell  is  starved 

■  the  environment  does  not  provide  the  nutrients  or  energy 
needed  for  cell  division 


Unfavorable 
circumstances 
for  cell  division 


■Cells  will  halt  and  enter  a  phase  called  ‘‘G-zero”  and  the  cells  are 
said  to  be  '■'Quiescenf ' 

■  During  GO  phase,  cells  continue  to  perform  their  tlmction  vital  for 
life  albeit  at  a  lower  rate 

■Cells  in  GO  accounts  for  the  variabilit)  in  the  time  between 
division  in  different  tissue  t^q^es 

■Eg.  Cells  that  line  the  intestine  divide  eveiy  20  minutes 


Neurons  and  skeletal  muscle  rarely  divides  i 
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Cytokinesis 

■It  is  the  division  of  c>  toplasm.  It  occurs  in  animal  cells  by  tlic 
appearance  of  a  funow  in  the  middle  of  the  cell.  The  tiinow 
deepens  and  divides  the  cell  into  two.  Microfilaments  help  in 
fonnation  of  funow.  TwodaiiGhtcr  cells  arc  I'onncd 


■The  spindle  fibers  not  attached  to  chromosomes  I'legin  breaking 
dovMi  until  only  that  portion  of  overlap  is  lelV  It  is  in  this  region 
that  a  contractile  rim*  cleaves  the  cell  into  two  dam*hter  cells. 
■Miciotulniles  then  reortzanize  into  a  new  cMoskeleton  tor  the 
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return  to  intei  phase. 
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Phragmoplast  allraci  golgi  bodies-  inlerpolar  microtubules  at  the  equator 

of  the  old  mitotic  spindle 

Golgi  bodies  forms  vesicles  tilled  with  pectin 

Vesicles  fuse  to  form  a  cell  plate 

Contents  of  the  vesicles  form  new  middle  lamella  an;* 
daughter  cells  while  membrane  form  new'  cell  surface  mem 
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Facts 


Mitotic  di\isioiis  without  cytoplasmic  divisions  occur  in  many 
species  to  produce  miiltinucleated  or  coeiKKv  tic  cells 
Sti  iated  muscles 
M\'ce!ia  ol' mould 

V- 

Flili>em  of  plants 

Mitosis  ill  uliich  spindle  has  centrioles  and  asters-  astral  or 
amphiastral-  animal  cells,  lower  plants-  tluigi.  moss.  I'eni. 
some  alsae 

Mitosis  in  which  centrioles  and  asters  are  absent  -  anastral- 
hi^her  plants 
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DIFFERENCES  BETWEEN  MITOSIS  IN  PLANT  AND  ANIMAL  CELLS 
MITOSIS  IN  ANIMAL  CELLS  MITOSIS  IN  PLANT  CELLS 

1 .  Cf  ntriolts  an  tnvolvad  1 .  Cinirioles  an  absoni 

2.  Asters  an  formed  2.  No  aster  formation 

3.  Cytokinesis  occun  by  furrowing  3.  Cytokinesis  occurs  by  cell  plate 

of  cytoplasm  formation 
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80.  In  a  expehmetit  the  cells  were  labeled  for  30  minutes 
with  radioanive  thymidine.  The  niediiini  was  then  replaced 
with  lliat  roiitaining  unlabelled  thymidine  and  the  cells  were 
grown  for  additioitaf  time.  At  different  time  points  after 
replacement  of  medium  tlie  fraction  of  mitotic  cells  were 
analysed.  Based  on  the  results  obtained,  the  abo\¥  figure  was 
drawn  which  shows  the  percentage  of  mitotic  cells  that  are 
labeled  as  a  function  tuite  after  brief  incubation  %vith 
radtoactiv'e  thymidine. 
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drawn  which  shows  the  percentage  of  mitotic  cells  that  are 
labeled  as  a  function  of  TiiTI^  after  bnet  mcHibatioii  with 


radioactive  thjinidine. 


Consid^ilng  the  above  expei'Einent,  the  followliig  ^tateniet 
weie  made: 

A.  CeUs  in  the  S -phase  of  the  oell  oycle  during  the  30  mint 
labeling  period  contain  radioactive  DNA.  — 

B.  It  takes  about  3T7?tiii  ■  I  hi  pi  n  m  l1ie  first  Labeled  imtotic  ce 
appear. 


C-  The  cells  enter  the  second  r on nd  of  in itosis  at  t^Q  hmn-^. 

D.  The  total  length  of  the  cell  cycle  is  about  27  hoiir^  with 
being  more  than  IS  hoitrs. 

Which  of  the  combination  of  aWve  s^tements  is  correct? 

B  (2)  B  and 
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(3)Cand  D  (4)  A  and  D 
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80.  In  a  given  experiment  the  cells  were  labeled  for  30  minutes 
with  radioactive  thymidine.  The  medium  was  then  replaced 
with  that  containing  imlabelled  thymidine  and  the  cells  were 
grown  for  additional  time.  At  different  time  points  after 
replacement  of  medium  the  ft'action  of  mitotic  cells  were 
analysed.  Based  on  the  results  obtained,  the  above  figure  was 
drawn  which  shows  the  percentage  of  mitotic  cells  that  are 
labeled  as  a  function  of  tiiTI^  after  bnet  intTlbation  with 
radioactive  thjinidine! 
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Consid^ilng  the  abovi^  expei'Einent.  the  follawliig  ^tateniet 
were  made: 

A.  OUs  in  the  S-ph«is«  of  tho  oell  oyclo  during  the  30  mint 
labeling  period  contain  radioactive  DNA.  — 

B.  It  takes  about  3T7?tiii  ■  I  hi  pi  n  m  l1ie  first  Labeled  mitotic  ce 
appear. 


C-  The  cells  enter  the  second  r on nd  of  in itosis  at  t^Q  hmn-^. 

D.  The  total  length  of  the  cell  cycle  is  about  27  hoiir^  with 
being  more  than  IS  hoitrs. 

Which  of  the  combination  of  aWve  s^tements  is  correct? 

B  (2)  B  and 
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In  an  anx  nchi  onoiis  culture  tiie  (Tercentage  of  cells  engaged 
in  a  particiilai'  acli\  ily  is  an  approximate  measure  ol'the 
percentage  of  time  that  this  acti\  it\  (^iccu(nes  in  tlie  li\'es  of 
the  cell.  An  asMichi  onous  culture  of  Mela  cells  is  siven  a 
brief  pulse  willi  [311]  thymidine.  If  nuclei  of  5**o  of  cells  is 
radioactively  labeled  and  length  of  the  complete  cell  cycle 
is  24  h  then  the  length  of  the  S  phase  can  be  considered 
a|>proximately  as 


(1)  100min(2)  120  min 
(3)  60  min(4)  72  min 
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In  an  as>  nclu  onoiis  culture  the  iKTceiilage  of  cells  engaged 
in  a  particiihii  activity  is  an  approximate  measure  of  the 
percentage  of  time  that  this  actix  ity  i>ccupies  in  the  lives  of 
the  cell.  An  as\  iiclironous  culture  of  Mela  cells  is  siv'en  a 
brief  pulse  with  [311]  thymidine.  If  nuclei  of  5®o  of  cells  is 
radioactixely  labeled  and  length  ot  the  complete  cell  cxcle 
is  24  h  then  the  length  of  the  S  phase  can  he  considered 
ai>proximately  as 


(1)  100min(2)  120  min 
(3)  60  min(4)  72  min 
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In  an  a.s>  nclii'onous  culture  the  percentage  of  cells  engaged 
in  a  particular  actiyih’  is  an  appro^mate  measure  oflie 
percentage  of  time  that  this  activih’  occupies  in  the  lives  of 
the  cell.  An  asyncluonous  culture  of  Heia  cells  is  given  a 
brief  pulse  with  [3H]  tlw  niidine.  If  nuclei  of  5*^0  of  cells  is 
ra d ioactiveh'  labeled  and  length  of  the  complete  cell  c\'c le 
is  24  h  then  the  length  of  the  S  phase  can  be  considered 
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Cell  Cycle  Checkpoints 


Are  control  inechanisms  that  ensure  the  ildelity  ot'  cell 
division  in  eukaiyotic  cells. 

riiey  verity  w  hether  the  processes  at  each  j^hase  of  the 
cell  cycle  ha\e  been  accurately  completed  before 
progression  into  the  next  phase 

fhe  checkpoints  are  surveillance  mechanism  and 
quality  control  of  the  genome  to  maintain  genomic 
integrity. 

Checkpoint  failure  otten  causes  mutations  and  genomic 
anangements  resulting  in  genetic  instability,  (ienetic 
instability  is  a  major  Factor  of  birth  defects  anti  in  the 
de\  elopment  of  mam'  diseases,  most  notably  cancer 
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Regulation  of  the  Cell  Cycle: 
Cell  Cycle  Checkpoints 


E.g.  Oocylcs 
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■  DNA  damage 
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•  Chromoeome  attachment 
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Cell  Cycle  Checkpoints 


There  are  3  checkpoints  that  take  place  in  the  cell  cycle  to  prevent  the  cell 
from  progressing  to  the  next  stage  when  it  is  not  allowed,  ITicsc 
checkfwints  incliii^e;  01,  G2  and  a  spTndle  checkpoint  in  Mitosis 

Arrest  in  the  cell  cycle  is  caused  in  the  G1  and  G2  phase  by^the  P53 
protein  (which  is  a  tumor  suppressor  gene). '  '  ® 

P53which  is  a  transcription  factor  that  then  stimulates  the  expression  of 
P21.  P2I  is  a  Cyclin-Kinase  inhibitor  that  binds  to  and  inhibits  all  Cdk- 
Cyclin  complexes.  I  his  causes  arrest  in  G1  and  G2  phase.  If  the  damage  to 
the  genome  is  extensive  and  cannot  be  repaired,  P53  can  also  activate  genes 
that  code  of  apoptosis,  or  cell  death. 

The  spindle  assembly  checkpoint  checks  for  whether  the  prerequisites  have 
been  met  for  chromosomes  segregation,  and  therefore  determines  whether 
the  chromosome  segregation  siTould  take  place  or  be  delayed. 

This  check  point  also  arrests  mitosis  if  the  chromosomes  are  not  aligned  on 
the  mitotic  spindle  and  therefore  will  not  allow  for  the  proper  attachment  of 
spindle  libers  on  each  sister  chromatids  and  equal  distribution  of 
chromosomes  to  each  daughter  cell. 


Cell  Cycle  Regulation 

■  Cell  division  is  a  vital  process  that  requiies  orderly  progression  . 

■  The  Cell  Cycle  is  Regulated  by  Protein  Kinases. 

■  Protein  Jkinases  are  enzymes  that  phosphoiyiate  proteins  using  ATP. 

■  A  gioup  of  liiglih'  conseived  serine  tlireonine  kinases  called  cycliti- 
dei^endent  kinases  (CDKs)  has  been  found  to  pla}'  a  key  role  in  guiding 
the  cell  C5  cle  process. 

■  The  regulated  activity  of  CDKs  is  essential  for  the  transitions  tfoni  G1 
to  S  and  tfoni  G2  to  M  and  for  the  entiv'  of  nondividing  cells  into  the 
cell  cycle. 

■  The  transition  from  G1  to  S  requiies  a  set  of  cjclins  different  tfoni 
those  requiied  in  the  transition  from  G2  to  mitosis,  where  mitotic 
c}  clins  activate  tlie  CDKs  . 

■  CDKs  possess  two  tyrosine  phosphoiy  lation  sites:  One  causes 
activation  of  the  enz\  me;  the  other  causes  inacti\  ation. 
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Cell  Cycle  Regulation 

G2  Checkpoint  Control  by  MPF 

Entry  of  a  cell  into  M  phase  is  initiated  by  a  protein 
called  maturation  promoting  factor  (MPF). 

MPF  consists  of  two  subunits:  (1)  a  subunit  with 
kinase  activity  that  transfers  phosphate  groups  from 
ATP  to  specific  serine  and  tlneonine  residues  of 
specific  protein  substrates 

(2)  a  regulatory  subunit  called  cyclin.  The  tenn  cyclin 
was  coined  because  the  concentration  of  this 
regulatory  protein  rises  and  falls  in  a  predictable 
pattern  with  each  cell  cycle 
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Cell  Cycle  Regulation 
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helps  regulate  the  aclivity  of  Cdks 
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CDK  activity  can  be  regulated  in  various 
\va\s.  but  two  of  the  most  important 
mechanisms  are 

(1)  cyclin  s,\nthesis  and  destruction  -  When  a 
cyclin  is  present  in  the  cell,  it  binds  to  the 
catalytic  subunit  of  the  Cdk.  causing  a  major 
change  in  the  conformation  of  the  catalytic 
subunit 

(2) thc  phosphorylation  and  dcphosphoiylation  of 
key  amino  acid  residues  w  ithin  the  CDK.  protein. 
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At  the  Gl-to-S  transition,  it  uses  Cdk 
inhibitors  to  keep  cells  from  entering  S 
phase  and  replicating  their  DNA 

At  the  G2-to-M  transition,  it  suppresses 
the  activation  of  M-Cdk  by  inhibiting  the 
phosphatase  required  to  activate  the  Cdk. 

And  it  can  delay  the  e.xit  from  mitosis  by 
inhibiting  the  activation  of  APC,  thus 
preventing  the  degradation  of  M  cyclin 


M  v^ithrr;;  rjll  4:  (MG  i  DU  irf*  U-ittfippv  c  j>.i  ot  Oy  a  . 


The  activity  of  a  Cdk  can 
blocked  by  the  binding  of  a  Cdk 

inhibitor 


the  inhibitor  protein  (called  p27)  binds  to  an  activated  cycIin-Cdk  complex.  Its 
attachment  prevents  the  Cdk  from  phosphorylaling  target  proteins  required  for 
progress  through  G1  into  S  phase. 
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Cell  Cycle  Regulation  by  inhibiting  phosphatase 
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•UbiquitylatioiiofS  or  M  cyclin  by  APC  marks  Ihc  protein  for  destruction  in  pToteasoines. 

■  The  loss  of  cyclin  renders  ils  Cdk  partner  inactive, 

■  Cyclin  destruction  can  help  dri  ve  the  transition  from  one  phase  of  the  cell  cycle  to  the  next. 
For  example,  M-cyclin  degradation  and  the  resulting  inacti\‘ation  of  M-Cdk  leads  to  the 
molecular  events  tliat  lake  tlte  cell  out  of  ttiilosis 

•  Cyclin-  Cdk  complex  contains  inhibitory*  phosphates,  and  to  become  active,  tlie  Cdk  iimsi 
be  dephosphorylated  by  a  specific  protein  phosphalasc 


Cell  Cycle  Regulation 


TABLE  18-2  THE  MAJOR  CYCUHS  AND  CDKS  OF  VERTEBRATES 


Cyclin-Cdk  Complex 

Cyclin 

Cdk  Partner 

GrCdk 

cyclin  D* 

Cdk4,CtSt6 

Gi/S-Cd: 

cyclin  E 

m 

S-Cdk 

cyclin  A 

m 

M-Cdc 

cyclin  6 

Cdkl 

‘There  are  three  D  cyclins  in  mammals  (cyclins  D1,  D2,  and  D3). 


Cycl^ 

E  +  Cdk2 


Cychn 
D's  +  Cdk4 
C*6 


Happy  with  my  class,  give  a  missed  call  at  080-3951-0319,  If  you  are  unhappy  give  missed  cal  I  atOlJ" 


Four  classes  of  cyclins 


L  Gl-cycliiis  —  help  lo  promote  passage  lltiough  "  Start "  or  the 
restriction  point  in  late  til 

2.  (il/S-cvcliiis  hind  C\lks  at  the  end  of  til  and  coininit  the 
cell  to  DNA  replication 


3.  S-cycliiis  -  binds  Cdks  dui  itig  S  phase  and  are  required  for  the 
initiation  of  DNA  replication 


4.  M -cyclins  —  promote  the  e\  ents  of  mitosis 


ull  4:  J'lM  3?  fou  ire  u'drapfiy  Riv!'  1  jt  C. 


b)  CDKl  aiul  C1)K2  biiui  to 
multiple  eye  I  ins  {eyelin  types 
A.  B*  L)  and  E).  whereas 
CDK4  and  CDKb  tvnl) 
pnrlner  D-h  pe  e\eliiis. 
riiiek  lines  represent  the 
preferred  pairing  for  eaeh 
kinase. 


b 


e)  According  to  the  classical  model 
of  cell  cycle  control.  I  )-t\  pe  c\  clins 
and  CI)K4  or  CI)Iv6  regulate 


events  in  early  ( i  I  phase  (not 
shown),  cvelin  F’^CI)K2  triggers  S 
phase,  cyclin  A-CI)K2  and  cvcliii 
A-CI)K1  regulate  the  completion 
ofS  phase,  and  CDKl-cvcIin  B  is 


resix>nsible  lor  luite 
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two  DNAdama^e  checkpoints 
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Models  for  the  mechanism  of  action  Of 


two  DNA  damage  checkpoints 


ATM  md  ATR  are  proteui  kinases  tiiat  become  activated  following  specific  t>pes  of 
DNA  damage. 

ATM  becomes  activated  in  ics}K>iise  to  dotible-slmnd  breaks,  wliich  are  detected  by 
the  MRN  protein  complex.  ATR.  on  the  otl>er  hand,  becomes  activated  by  protein- 
coated  ssDNA  tliat  fonns  when  replication  forks  become  stalled  or  ilie  DNA  is 
bcinjr  repaired  after  various  t>pes  of  damaste.  In  the  G2  patliway,  ATR 
phospliorylates  and  activates  the  clicck()oint  kinase  Clikl  (step  I).  which 
piiospliorylates  and  inactivates  the  pliospljatase  Cdc25  (step  2),  which  nonnally 
shuttles  between  the  nucleus  and  cytoplasm  (step  3). 

Once  phosphorylalcd.  Cdc25  is  bound  by  an  adaptor  protein  in  tlie  cyloplasrn  (step 
4)  and  caimot  be  reimported  into  tite  nucleus,  which  leaves  tlie  Cdk  in  its 
inactivated,  phosphorylaied  state  (step  5). 

In  llie  G1  pathway,  ATM  ^losphorylates  and  activates  tlie  checkpoint  kinase  Clik2 
(step  a),  which  pliDSfiliorylates  p33  (step  b).  p33  is  normally  very  sliort-lived.  but 
pliospliorylatioii  by  Clik2  stabilizes  the  protein,  enliancing  its  ability'  to  activate  p2I 
framcriprion  fsfep  ch  Once  n-anscribed  and  translated  (step  d),  p2 1  directly  inhibits 
the  Cdk  (step  e). 

t  ■  ill  “  19^*1  >h  i  ‘ 


Mitogens  stiniulate  cell  prolifeialion 

the  Kb  protein 


is  bv  inlirtVfrr 


In  the  absence  of  mitogens, 
depliosplioryiated  Rb  protein  liolds 
specific  traikscriplion  legulators  in  an 
inactive  state;  llicse  tnmscHptioii 
regulators  are  required  to  stimulate  tlie 
transcription  of  target  genes  that 
eiKode  proteins  needed  for  cell 
proliferation. 

Mitogens  binding  to  cell-surface 
recq)lors  acthate  intracellular 
signaling  path\\'a>^  tliat  lead  to  tlie 
foniiatioii  and  activation  of  Gl-Cdk 
and  G I  S-Cdk  complexes. 

These  complexes  phosplic^ylate,  and 
thereby  inactivate,  the  Rb  protein, 
releasbig  the  transcription  regulators 
that  actH'atc  tlie  transcription  of  genes 
required  for  cell  proliferation. 
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VV'hcn  DNA  is  damaged, 
specific  prolcin  kinases 
respond  by  boih  activating  the 
p53  pa^lein  and  halting  its 
normal  rapid  degradation. 

Activated  p53  protein  thus 
accumulates  and  stimulates 
the  transcription  of  the  gene 
that  encodes  the  Cdk  inhibitor 
protein  p2 1 . 

The  p2 1  protein  binds  to 
G1  S-Cdk  and  S-Cdk  and 
inactivates  them,  so  that  the 
cell  cycle  arrests  in  Gl. 


Overview  of  checkpoint  controls  in  Trie 

cell  cycle 
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